1. Purified cow mammary gland fatty acid synthetase synthesized long-chain unesterifled and short-chain esterified fatty acids. 2. A direct relationship was observed between the amount of short-chain products synthesized and the concentration of acetyl-CoA in the incubation medium. 3. The short-chain products were identified as butyryl-CoA and hexanoyl-CoA. 4. Inhibition of the terminating thioester hydrolase of the fatty acid synthetase complex with phenylmethanesulphonyl fluoride did not inhibit the synthesis of short-chain products. 5. It is suggested that the synthesis of short-chain fatty acids involves the reverse of the 'loading' reaction.
The products of fatty acid synthesis by avian and by mammalian fatty acid synthetases are generally accepted to be long-chain (C14:0 to C18: 0) saturated fatty acids. However, fatty acid synthetases from lactating mammary glands of cow, rabbit and guinea pig and from rat liver synthesize butyric acid and hexanoic acid in addition to long-chain fatty acids (Carey & Dils, 1970a,b; Hansen et al., 1970; Knudsen, 1972; Strong & Dils, 1972) .
A proportion of the short-chain acids synthesized by fatty acid synthetase from lactating rabbit mammary gland and from rat liver are released into the incubation medium as esterified fatty acids (Carey & Dils, 1970b; Hansen et al., 1970) . The authors suggested that these products are acyl-CoA esters.
The terminating thioester hydrolase moiety of lactating rabbit mammary gland synthetase only shows significant activity towards long-chain acyl-CoA esters (Knudsen et al., 1975) . The very low activity of this hydrolase towards short-chain acyl-CoA esters together with the synthesis of short-chain esterified fatty acids by these fatty acid synthetases suggest that the mechanism of synthesis of shortchain fatty acids is different from that of long-chain fatty acids.
In the present investigation the composition and nature of the products formed by lactating cow mammary gland fatty acid synthetase have been determined. The role of the terminating thioester hydrolase in the synthesis of short-chain fatty acids has been investigated, and a possible mechanism for Vol. 186 chain termination leading to the synthesis of these acids is discussed.
Materials and Methods Materials
Lactating red Danish dairy cows, 6-7 months postpartum, were used. Dithiothreitol and NADPH were obtained from Sigma Chemical Co., St. Louis, MO, U.S.A., and CoA was from Boehringer, Mannheim, Germany. [1-'4C]Acetic anhydride and [1-'4Clbutyric acid were obtained from The Radiochemical Centre, Amersham, Bucks., U.K. Sephadex G-10 was from Pharmacia Fine Chemicals A.B., Uppsala, Sweden, and cellulose powder MN 300 was from Macherey, Nagel and Co., 516 Diuren, Germany.
Methods
Fatty acid synthetase from lactating cow mammary gland was purified as described by Knudsen (1972) . Fatty acid synthetase from lactating cow adipose tissue was purified by this method, except that the adipose tissue was homogenized at room temperature in 2vol. of 100mM-potassium phosphate buffer, pH 7.0, 250mM-sucrose, 4.0mM-EDTA and 1.0 mM-dithiothreitol in a Waring blender at full speed for 30s. Acetyl-CoA and [1-14C]-acetyl-CoA were prepared from acetic anhydride as described by Stadtman (1957 Knudsen (1977) . Malonyl-CoA was synthesized by the method of Eggerer & Lynen (1962 Grunnet & Knudsen (1978) . Synthetase incubated under similar conditions without phenylmethanesulphonyl fluoride was used as a control. Both treated and control-treated synthetases were incubated as described above or were incubated with rate-limiting concentrations of malonyl-CoA, which were added by the slow infusion of malonyl-CoA (1-3,u1/min) throughout the incubation period. A Harvard infusion pump (model 971) fitted with eight 1 ml disposable syringes was used. To ensure efficient mixing of the infused malonyl-CoA with the incubation medium, the infusion tubes were attached to the bottom of the incubation vessel which was shaken with a rotatory motion by using an Evapomix (Buckler Instruments, Fort Lee, NJ, U.S.A.) at shaker speed 6. The reaction was stopped by adding on equal volume of 5M-NaOH and the mixture was analysed for total fatty acids (Knudsen, 1976) .
Isolation of short-chain esterifiedfatty acids synthesized byfatty acid synthetase (a) Separation ofthe acidified reaction mixture by gel filtration. The acidified aqueous phase obtained by using incubation conditions (a) was centrifuged at 1200g., for 5 min to remove precipitated protein and then applied to a column (2.5cm x 60cm) of Sephadex G-10 equilibrated with water. The column was eluted with water (25 ml/h) and the eluate was collected in fractions of 4.6 ml. The absorption of the eluate at 254nm was measured continuously, and the conductivity and radioactivity in each fraction were determined. Fractions containing short-chain esterified fatty acids were pooled and freeze-dried.
(b) Separation of short-chain acyl-CoA esters by preparative cellulose t.l.c. The freeze-dried fractions from the Sephadex G-10 column were dissolved in a small volume of water and analysed by preparative cellulose t.l.c. The plates (20cm x 20cm) were coated with MN 300 cellulose (0.75 mm) and developed in n-butanol/water/acetic acid (5:3:2) as described by Pullman (1973) . The developed plates were scanned for radioactivity by using a Berthold LB 2722 thin-layer scanner. [1-"4C]Acetyl-CoA was identified by running an authentic standard. The band corresponding to [1-'4C]acetyl-CoA partly overlapped a faster moving band that contained the short-chain esterified products. The latter band was scraped off and separated again by preparative cellulose t.l.c. as described above. The band containing the short-chain esterified products from the second preparative t.l.c. was scraped off, eluted with water, freeze-dried and dissolved in a small volume of water.
Identiflcation of short-chain esterified fatty acids synthesized byfatty acid synthetase (a) Analysis by cellulose t.l.c. The product isolated by preparative cellulose t.l.c. (see above) was then separated by analytical t.l.c. on cellulose plates (DC-Alufolien Cellulose AH 5552; Merck, Darmstadt, Germany). [1-14C]Acetyl-CoA and [1-14Clbutyryl-CoA were used as standards. The plates were developed in n-butanol/water/acetic acid (5:3:2) and then scanned for absorption at 254 nm and for radioactivity.
(b) Analysis by radio-g.l.c. The product isolated by preparative cellulose t.l.c. was hydrolysed in 2.5 M-NaOH for 2h at 800C and was then analysed for total fatty acids as described by Knudsen (1976) . Synthesis oftriacylglycerols that contain short-chain fatty acids
The short-chain esterified fatty acids formed by fatty acid synthetase and isolated by preparative cellulose t.l.c. were used as substrates for the microsomal 1,2-diacylglycerol acyltransferase (EC 2.3.1.20) of lactating cow mammary gland with the assay described by Marshall & Knudsen (1977 In a similar incubation system the recovery of radioactive esterified fatty acids after the second preparative cellulose t.l.c. was 50-60% of that 
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, radioactivity; ----, conductivity. recovered in the material that was not extractable by diethyl ether.
Identification. The isolated esterified product from cow mammary gland fatty acid synthetase co-chromatographed with butyryl-CoA on analytical cellulose t.l.c. In addition, radio-g.l.c. analysis of the isolated esterified product showed that the acyl chain corresponded to butyric acid plus a small proportion of hexanoic acid. The isolated product also contained traces of radioactivity corresponding to acetate.
Synthesis oftriacylglycerols
The isolated esterified fatty acid product(s) of fatty acid synthetase was also found to act as a substrate for cow mammary gland microsomal diacylglycerol acyltransferase. The rate of incorporation was 0.033+0.0012nmol/min per mg of microVol. 186 somal protein (mean + S.D. for three independent experiments), compared with a value of 0.153 + 0.0 (mean + S.D. for two independent experiments) when butyryl-CoA was used. In both cases, the product was identified as triacylglycerol that contained shortchain fatty acids.
The results presented indicate strongly that the esterified short-chain products synthesized by cow mammary gland fatty acid synthetase are butyrylCoA and hexanoyl-CoA. However, the possibility that part of the products could be other C4-CoA derivatives like crotonyl-CoA, fJ-hydroxybutyrylCoA and acetoacetyl-CoA cannot be excluded.
Fatty acid synthesis by fatty acid synthetase inhibited by phenylmethanesulphonylfluoride Phenylmethanesulphonyl fluoride specifically inhibits the terminating acyl-thioester hydrolase moiety of the fatty acid synthetase complex (Kumar, 1975) . When cow mammary gland fatty acid synthetase was assayed spectrophotometrically with optimum substrate concentrations, phenylmethanesulphonyl fluoride completely inhibited the enzyme. A similar result was obtained under identical conditions when the fatty acid synthetase activity was measured by the incorporation of [ 1-'4C]acetyl-CoA into fatty acids (Table 2) .
By contrast, the addition to the inhibited synthetase of rate-limiting concentrations of malonyl-CoA by slow infusion resulted in the synthesis of butyrate. The control-treated synthetase under these conditions synthesized both short-and long-chain fatty acids (Table 2 ). When malonyl-CoA was omitted from the incubation, neither the inhibited nor the control-treated synthetase synthesized fatty acids (Table 2) . These results further indicate that the synthesis of both short-and long-chain fatty acids are dependent on malonyl-CoA and that the mechanism involved in the termination of fatty acid synthesis leading to the formation of short-chain acids is different from that involved in the synthesis oflong-chain fatty acids.
Km values ofcow mammary glandfatty acid synthetasefor acetyl-CoA, butyryl-CoA and hexanoyl-CoA Acetyl-CoA, butyryl-CoA and hexanoyl-CoA were all found to be excellent substrates for fatty acid synthetase from cow mammary gland. Maitra & Kumar (1974) i.e. 12.5 and 6.65 PM respectively. 
Discussion
Butyrate and hexanoate synthesized by cow mammary gland fatty acid synthetase are released almost entirely as esterified acids, whereas longchain fatty acids are released as the unesterified acids (Table 1 ). The behaviour of the purified esterifled products on analytical cellulose t.l.c. and the results of radio-g.l.c. analysis indicate that the products are butyryl-CoA and hexanoyl-CoA. This is further supported by our findings that the esterifled products could be used as substrates for microsomal diacylglycerol acyltransferase. These results are different from those published for lactating rabbit mammary gland and rat liver fatty acid synthetases, where various amounts of both short-and long-chain products were reported to be released as esterified fatty acids (Carey & Dils, 1970b; Hansen etal., 1970) .
There is a direct relationship between the maximum synthesis of short-chain fatty acids and the concentration of acetyl-CoA used. This can be explained by the fact that acetyl-CoA, butyryl-CoA and hexanoyl-CoA are all excellent substrates for fatty acid synthetase. Hence butyryl-CoA and hexanoyl-CoA only accumulate to a limited concentration in the incubation medium, since they effectively compete with acetyl-CoA for the 'loading' transacylase of the synthetase.
There was a complete lack of fatty acid synthesis in the absence of malonyl-CoA. This shows that cow mammary gland and adipose tissue synthetases cannot synthesize fatty acids from acetyl-CoA alone. These results agree with those reported for lactating goat mammary gland by Grunnet & Knudsen (1979a,b) . The present results also agree with those of DeKay et al. (1976) The terminating hydrolase of cow mammary gland synthetase shows a very low hydrolytic activity towards butyryl-and hexanoyl-CoA compared with palmitoyl-CoA (Grunnet & Knudsen, 1979b) . Furthermore, when this synthetase was treated with phenylmethanesulphonyl fluoride it was still able to synthesize butyrate even though the terminating thioester hydrolase of the synthetase was inhibited. It is therefore very unlikely that the terminating hydrolase is involved in the synthesis of short-chain fatty acids. Fatty acid synthetase that had been inhibited by phenylmethanesulphonyl fluoride was unable to synthesize fatty acids at high malonyl-CoA concentrations. This is most probably due to saturation of the synthetase by long-chain acyl groups, which cannot be released from the synthetase.
The function of the transacylase in terminating short-chain fatty acid synthesis cannot be identified from these experiments. However, we suggest that the reaction involves the reverse of the 'loading' reaction. The low Km value (6.4 pM) for butyryl-CoA shows that the 'loading' transacylase has a high affinity for butyrate. If this reaction is reversible it would involve the transfer of butyrate from the 4-phosphopantetheine moiety of synthetase to CoA after one round of the chain-elongation reactions of the synthetase complex. This reaction is also very likely to occur from an energetic point of view, since in both compounds butyrate is esterified to 4-phosphopantetheine. The high affinity of the 'loading' enzyme for butyrate compared with hexanoate (Km 10.8,UM) probably explains why butyrate is the predominant product of this chain-terminating pathway. However, the chain-length specificity of the transacylase function of the synthetase, which transfers the growing acyl chain from the central acylcarrier protein thiol group to the peripheral cysteine thiol group may also be involved.
